1. Introduction {#sec0005}
===============

Pyrethroid pesticides are used worldwide as insecticides in pest control by disrupting the normal function of sodium channels. Pyrethroid pesticides are known to be less harmful to mammals, birds and less toxic to the environment than other insecticides \[[@bib0195]\]. Based on the mechanism of action chemical structure, we have two classification of pyrethroid pesticides namely: type I and type II. Type I pyrethroids have been reported to influence sodium channels in nerve membranes thereby causing a continuos neuronal discharge and leading to an after-potential in a prolonged negative way \[[@bib0195],[@bib0245],[@bib0380]\]. Type II pyrethroids are a modified version of type I pyrethroids that are formed by adding an α-cyano to phenoxybenzoic constituents in order to enhance their photostability \[[@bib0440]\]. These pyrethroids causes a longer delay in sodium channel inactivation and inhibit sodium channel-dependent activity of rat cortical neurons *in vitro* \[[@bib0220],[@bib0330]\]. In addition, pyrethroid pesticides have been found in environmental samples, such as water and sediments \[[@bib0325],[@bib0415],[@bib0420]\]; food \[[@bib0465]\]; and they can also be found in Urine and breast milk under human samples, metabolites of pyrethroids have also been shown to exert adverse effects on different physiological functions in the body \[[@bib0105],[@bib0320]\]. In connection to the exposure of this pesticide, it was reported that diseases such as reproductive disorders, cancer, neurological disorders, allergies, mental disorders could be connected \[[@bib0300],[@bib0425],[@bib0455]\].

Moreover, it has been revealed that many pyrethroids and other insecticides are potential endocrine-disrupting chemicals. They have been shown to develope a negative impact on the reproductive, immune and hormonesystems of humans and animals \[[@bib0050],[@bib0310],[@bib0425]\]. Normal secretion of thyroid hormones is essential for some physiological processes as a controller of metabolic activity, including bone remodeling, cardiovascular activities, and abnormal behaviour. Hence, maintaining normal activities of thyroid is imperative for normal physiological and psychological health \[[@bib0050],[@bib0240]\]. It has been reported that opening to thyroid-disrupting chemicals can cause a reduction of serum hormone levels leading to unusual activities of the thyroid gland by disrupting the TSH receptor since normal diffusion of thyroid-stimulating hormone (TSH) invigorates all the steps of hormone secretion \[[@bib0240]\]. In turn, this may have substantial consequences for the healthy metabolic function of the biosystem. Some clinical studies have demonstrated that pyrethroids hamper endocrine functions \[[@bib0375]\]. Furthermore, oxidative stress effects of pyrethroid-induced toxicity have been reported by some investigators \[[@bib0315],[@bib0460]\]. A growing number of studies have indicated that oxidative stress plays critical roles in various toxicities associated with pyrethroid insecticides \[[@bib0410]\].

Lambda-cyhalothrin (LCT) is a manufactured pyrethroid insecticide that is being used in home pest control, agriculture, protection of food production and disease vector control \[[@bib0160],[@bib0430]\]. LCT has been widely used to control pests, including aphids, Colorado beetles and lepidopteran larvae, [@bib0400] and was detected in milk, the blood of dairy cows \[[@bib0085]\] and cattle meat \[[@bib0210]\]. It has been reported that exposing rats to LCT leads to hepatotoxicity and severe renal structure injury due to its toxicity in rats \[[@bib0405]\]. Another study indicated that renal activities, tissue malondialdehyde (MDA), histopathology, protein carbonyl (PCO) levels, reduced glutathione (GSH) levels and antioxidant enzyme activities were significantly affected by LCT \[[@bib0160]\]. The use of LCT to treat rats can result to an uprising in the number of structural chromosomal aberrations and frequency of micronucleated erythrocytes \[[@bib0095]\]. LCT expanded the generation of reactive oxygen species and DNA damaged levels, inducing adverse immune effects \[[@bib0470]\]. In addition, other results revealed that LCT caused significant increases in the kidney, brain and liver weight as well as plasma alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels. Additionally, the decreased Alk-P and brain activity has been found in rats. However, the plasma content of bilirubin, urea, creatinine, and glucose were significantly increased. By contrast, plasma total protein and albumin was decreased \[[@bib0445]\]. The was aim of this study is to investigate the propensity of Lambda-cyhalothrin (LCT) to prompt oxidative pressure and changes in the biochemical parameters and the movement of enzyme in the thyroid gland of male rats as well as its conceivable weakening by Ginger extract.

Synthetic chemical drugs are expensive and cause genetic and metabolic alterations in biosystems. Botanical medicines have traditionally been used to treat disease development and progression. In this regard, medicinal plants and their components have important roles in disease control by modulating the activity of biological systems \[[@bib0180],[@bib0250]\]. Ginger, the rhizome of the Zingiber officinale, a standout amongst the most commonly utilized traditional food types and has been shown to have a therapeutic role in overall health and well-being. Many studies have shown that ginger plays a noteworthy part in the avoidance of many diseases by means of a tweak of hereditary and metabolic activities in human and animal model \[[@bib0120],[@bib0175],97\].

Ginger is publicly described and has been used for thousands of years as an anti-vomiting, diabetes mellitus, and cancer treatment, especially in Asian and other Eastern cultures \[[@bib0110],[@bib0250]\]. It likewise has anti-inflammatory and anti-oxidative properties for controlling the way towards maturity \[[@bib0180],[@bib0275]\]. The analyzed chemical composition of aqueous extracts of ginger root includes polyphenols, vitamin C, B, C, β carotene, flavonoids and tannins \[[@bib0295],[@bib0345]\]. It has at least 14 bioactive compounds, including \[[@bib0020]\]-gingerol \[[@bib0030]\],-gingerol \[[@bib0040]\],-gingerol \[[@bib0050]\],-gingerol \[[@bib0030]\],-paradol \[[@bib0070]\],-shogaol \[[@bib0030]\],-shogaol, 1-dehydro- \[[@bib0050]\]-gingerdione \[[@bib0050]\],-gingerdione, hexahydrocurcumin, tetrahydrocurcumin, gingerenone A, 1,7-bis-(4′hydroxyl-3′methoxyphenyl)-5-methoxyhepthan-3-one, and methoxy- \[[@bib0050]\]-gingerol \[[@bib0080],[@bib0225],[@bib0405]\]. HPLC analysis of Zingiber officinale ethanolic extracts showed that shogaol and gingrol were the most abundant phenolic components \[[@bib0060]\].

Furthermore, other investigators have reported that ginger extract has hypolipidaemic \[[@bib0385]\] and anti-hypercholesterolemic \[[@bib0170]\] effects, hepatoprotective \[[@bib0155]\] and antioxidant properties \[[@bib0140],[@bib0405]\] and it is protected against dyslipidaemia in diabetic rats \[[@bib0075]\]. It has been revealed that ginger extract has a protective effect against cyclophosphamide, which induces chromosomal abnormalities in the somatic cells of mice \[[@bib0435]\], and also has chemopreventive and chemotherapeutic activities against cancer development \[[@bib0290]\]. It has been showed that ginger has anti-mutagenic effects against genotoxicity induced by the anti-cancer drug Taxol \[[@bib0045]\]. Recent studies have suggested that Ginger can reduce the risk of some chronic diseases, such as fatty liver disease, asthma, cancer growth and arthritis through its anti-inflammatory, immunoregulatory and antioxidative properties \[[@bib0040],[@bib0340]\]. The present work was designed to evaluate the preventive effect of aqueous extracts of *Zingiber officinale* on thyroid toxicity and oxidative pressure initiated by Lambda-cyhalothrin in albino rats. Evaluating the bioactivity and histopathological alterations of ginger are necessary to completely understand its potential therapeutic effects.

2. Materials and methods {#sec0010}
========================

2.1. Lambda-cyhalothrin {#sec0015}
-----------------------

Lambda-cyhalothrin (α-cyano-3-phenoxy -benzyl-3-(2-chloro-3, 3, 3-trifluoro-1-propenyl)-2, 2-dimethylcyclopropanecarboxylate) is a synthetic pyrethroid that is 99.8% active. The product was obtained from the faculty of Agriculture, King Abdulaziz University, Jeddah, KSA. Water was added to the chemical to dilute it for a final concentration that was appropriate for dosing. LCT was used at a dosage of 1/100^th^ LD~50~ (0.79 mg/kg b.wt), 3 days/week for 4 weeks, diluted in water according to a previous report \[[@bib0135]\].

2.2. Ginger extract {#sec0020}
-------------------

Ginger (*Z. officinale* Roscoe) rhizome was purchased from a local market. One kilogram of ginger rhizome was cleaned, washed under running water, cut into small pieces and air dried. The dried rhizomes were powdered and stored at lab temperature (20--23 °C) for oral feeding. One-hundred-twenty-four grams of this powder was macerated in 1000 ml of distilled water (dH~2~O) for 12 h at room temperature and filtered. The concentration of the concentrate was 24 mg/ml. The rats under study were given 1 ml of this fluid concentrate orally \[[@bib0205]\].

2.3. Experimental animals {#sec0025}
-------------------------

The ethics committee of Umm Al-Qura University approved the animal under experiments. In this study, male albino rats (Wistar) were used, they were seven-week old rats with an average body weight of 160--180 g were used. The cages that rats were housed was (23--25 °C) under identical laboratory conditions. Food and water were provided ad libitum amid the trial/experimental time frame (30 days). Animals were provided with monetarily accessible dry food pellets. Animals were kept up in a controlled climate with a 12-hour dark/light cycle at an encompassing temperature of 22 ± 2 °C. Following one week of acclimation, animals were divided randomly into four experimental groups (n = 10 in each group).

**Group I:** was used as a control and got the standard diet and water *ad libitum*.

**Group II:** was used to study the effect of ginger and was orally given ginger extract (powder) dissolved in water at a measurement level of 24 mg/ml 3 days/week for 4 weeks by using the intragastric gavage technique.

**Group III:** was utilized to evaluate the impact of a low oral dose of Lambda-cyhalothrin (0.79 mg/kg b.wt. 1/100^th^ of the LD~50~) and was orally given Lambda-cyhalothrin 3 days/week for 4 weeks by using the intragastric gavage technique.

**Group IIII**: was utilized to evaluate the impact of the mixture of a low dose of Lambda-cyhalothrin of 1/100^th^ of the LD~50~ and ginger (24 mg/ml) and was orally administered 3 days/week for 4 weeks by using the intragastric gavage technique.

the total body weight of each animal was recorded at the end of the experimental period. The animals were sacrificed by inhalation of 70% CO~2~, followed by cervical decapitation and dissected

2.4. Histological and histochemical study {#sec0030}
-----------------------------------------

For histopathological examination, animals were dissected and the thyroid glands were removed and fixed. Each thyroid was placed in 10% buffered formalin for 24 h and implanted in paraffin wax making use of standard methods. Thyroid glands were washed in tap water and got dried in rising grades of ethanol, cleared in xylene, and fixed firmly in paraffin wax (melting point 55--60 °C). For histological analysis, which included follicle shape and size, follicular cell height, and characteristics of the cytoplasm and intrafollicular colloid, paraffin sections with a thickness of 5 μm were set up by a rotary microtome and stained with haematoxylin and eosin For histochemical measurement of total carbohydrates in follicular cells and colloids, the periodic acid Schiff's technique (PAS) was utilized \[[@bib0215]\]. Total proteins of thyroid gland were seen in follicular cells and colloids using the mercury bromophenol blue method \[[@bib0285]\]. Histochemical staining was evaluated using a high-powered light microscope (BX51; Olympus, Tokyo, Japan).

2.5. Morphometric study {#sec0035}
-----------------------

The diameters of thyroid follicles were estimated in H and E sections using an ocular micrometer gauge calibrated with phase micrometer to acquire the estimate of these parameters under a light microscope at ×400 magnification. Photomicrographs were prepared by using Axiom Vision® digital camera (Germany) attached to a microscope. The level of follicles with colloid content was estimated in PAS-stained sections. These measurements were performed in 10 fields for each specimen. Sections of the thyroid gland were used to estimate the area of the follicles. The inner area of the thyroid gland in the longitudinal planes was considered as the central zone, and the surrounding area to the central zone was considered as the peripheral zone. The size of the follicles in the central area was compared with the size of the follicles in the peripheral area.

2.6. Biochemical analysis {#sec0040}
-------------------------

For biochemical analysis, blood samples were collected in clean centrifuge tubes during dissection and directly placed on ice. Heparin was used as an anticoagulant. Plasma was obtained by centrifugation of samples at 3000 rpm for 15 min, and samples were stored at −60 °C until analysis. The plasma concentrations of triiodothyronine (T3), thyroxine (T4) and thyroid stimulating hormone (TSH) were measured by a radioimmunoassay \[[@bib0150]\]. Lipid peroxidation was estimated by measuring malondialdhyde \[[@bib0280]\], superoxide dismutase \[[@bib0305]\], and Catalase activity was determined \[[@bib0015]\].

2.7. Single cell gel electrophoresis assay for the detection of DNA damage {#sec0045}
--------------------------------------------------------------------------

This assay, also called the comet assay, was completed as portrayed by \[[@bib0355]\]. Thyroid tissue was cut into small pieces, the tissues were homogenized in cold sodium phosphate buffer (50 mmol/L, pH 7.0) containing ethylenediamine tetra-acetic acid (EDTA), (0.1 mmol/L). The homogenates tissues were centrifuged at 1000 rpm (6149*g*) for 15 min at 4 °C. Two hundred microliters of the obtained supernatant was embedded in low-melting agarose (0.65%) that was layered onto frosted microscope slides coated with a layer of 0.75% normal agarose (diluted in Ca**^2^**^+^- and Mg**^2^**^+^-free PBS buffer). A layer of 0.65% low-melting agarose was placed on top. The slides were immersed in cold lysate solution containing cold lysate solution containing (1% Triton X-100; 10% DMSO; 89% of 10 mmol/L Tris; 1% sodium lauryl sarcosine; 2.5 mol/L NaCl; 100 mmol/L Na^2+^; and EDTA, pH 10) at 4 °C for 1--2 h. The slides were pretreated with electrophoresis buffer (300 mmol/L NaOH; 1 mmol/L Na^2+^; EDTA, pH 12) for 20 min and then exposed to 25 V/300 mA for 20 min. The slides were neutralized for 5 min in 0.4 M Tris (pH 7.5), and the DNA was stained with 50 μL of ethidium bromide (20 μg/mL) onto each slide. After staining with ethidium bromide for 10 min, the slides were washed in distilled water and used for microscopic examination. All methods were performed under dimmed light to avoid additional DNA degradation. The slides were examined under a Leitz Orthoplan fluorescence microscope equipped with a 515--560 nm filter and a 590 nm barrier filter. The obtained images were analyzed using the Comet Assay IV-Perceptive Instruments software. The slides were analyzed and scored at a range of 100 cells. DNA damage of cells was measured using the ratio of tail DNA content to the whole cellular DNA content. DNA damage was calculated as tail length (TL) and tail intensity (TI).

2.8. Statistical analysis {#sec0050}
-------------------------

The results were communicated as mean ± SEM., and the statistical calculation was performed using the one-way ANOVA to evaluate significant differences among treated groups. Differences with P \< 0.01 were viewed as highly/factual statistically significant and P \< 0.05 as statistically significant. Every single statistical analysis were carried out using the SPSS statistical version 16 software package (SPSS^®^ 4 Inc., USA) and multiple comparisons between means were analyzed by the Tukey--Kramer test.

3. Results {#sec0055}
==========

3.1. Effect of Lambda-cyhalothrin on body weight {#sec0060}
------------------------------------------------

All rats survived the whole experimental period. Only rats that were orally treated with a low oral dose (1/100^th^ of LD~50~) of Lambda-cyhalothrin showed a significant decrease (ANOVA, Duncan's test, (p \< 0.05) in body weight in comparison to control rats ([Fig. 1](#fig0005){ref-type="fig"}). Treatment with a combination of Lambda-cyhalothrin and ginger extract resulted in a body weight that was higher than that of the groups that were only treated with Lambda-cyhalothrin. However, no significant differences in body weight were observed between the control and ginger-treated groups ([Fig. 1](#fig0005){ref-type="fig"}).Fig. 1Body weights of male rats treated with lambda-cyhalothrin, ginger and their combination. The results are expressed as mean ± SEM, *n* = 5 rats/group.Fig. 1

3.2. Histological results {#sec0065}
-------------------------

Sections of thyroids from control rats showed a systematic histological structure. The thyroid follicles appeared normal with an arrangement of various sizes. They were mainly lined by cubical follicular cells with rounded vesicular nuclei as well as few para follicular cells and contained an acidophilic homogenous colloid in their centre. Between follicles, intermolecular interactions of follicular cells and blood capillaries were healthy. In addition, the interfollicular spaces indicated blood vessels and connective tissue ([Fig. 2](#fig0010){ref-type="fig"}A). However, the thyroids of rats treated with LCT showed a different histopathological structure in comparison with that of control rats. The sizes of the follicles were reduced, and some follicles showed cell exfoliation within their lumen ([Fig. 2](#fig0010){ref-type="fig"}B). The blood vessels were enlarged and congested, and the connective tissue structure was degenerated ([Fig. 3](#fig0015){ref-type="fig"}A). The follicles degenerated and follicular cells appeared with cytoplasmic vacuolation and a smaller colloid ([Fig. 3](#fig0015){ref-type="fig"}B). An improvement was observed in thyroids of rats treated with LCT and ginger. In these specimens, the histological structures of the follicles appeared normal and contained healthy follicle cells with a marked increase of colloid ([Fig. 3](#fig0015){ref-type="fig"}C).Fig. 2**(A)** Photomicrograph of a section of the thyroid gland of a control rat showing normal thyroid follicles (F) lined with simple cuboidal epithelium and filled with homogenous acidophilic colloid (H&E). **(B)** Photomicrograph of a section of the thyroid gland of a rat treated with lambda-cyhalothrin showing vacuolization (arrows) in the lining of the epithelium of the follicles and hyperaemia between the follicles (head arrow). Notice that the thyroid follicles appear to have variable forms, where some follicles appear distended (D) and other follicles appear involuted with minimal amount of colloid (I). (H&E), bar = 20 μm.Fig. 2Fig. 3**(A)** Photomicrograph of a section of the thyroid gland of a rat treated with lambda-cyhalothrin showing an enlarged and congested vein (V), hyperaemia in the blood vessels and degenerated connective tissue (head arrow), (H&E). **(B)** Degenerated follicles with reduced colloids (\*2), (H&E), **(C)** Thyroid of a rat treated with lambda-cyhalothrin and ginger showing marked improvement of the thyroid follicles (F) structures with few hyperaemia between the follicles. (H&E), bar = 40 μm.Fig. 3

3.3. Histochemical observations {#sec0070}
-------------------------------

Thyroids from control rats stained with Periodic acid--Schiff (PAS) for total carbohydrates showed a moderate reaction in follicular cells, whereas the colloids showed a strong reaction ([Fig. 4](#fig0020){ref-type="fig"}A). A weak PAS reaction was seen in the thyroids of rats treated with LCT ([Fig. 4](#fig0020){ref-type="fig"}B), while the thyroid of rats given LCT and ginger showed an increase in the PAS reaction ([Fig. 4](#fig0020){ref-type="fig"}C). Examination of thyroid sections from control rats stained with mercuric bromphenol blue showed normal protein contents in follicular cells and the colloid ([Fig. 5](#fig0025){ref-type="fig"}A). By contrast, a noticeable decline in protein content was seen in follicular cells and the colloid of the thyroids of animals treated with LCT ([Fig. 5](#fig0025){ref-type="fig"}B). On the other hand, rats given LCT and ginger showed an increase in the protein content of their thyroids ([Fig. 5](#fig0025){ref-type="fig"}C).Fig. 4**(A)** Photomicrograph of a section of a thyroid gland showing a normal distribution of glycogen in follicular cells and colloids with a marked PAS reaction in the colloid (Co). **(B)** Photomicrograph of a section of the thyroid gland of a rat treated with lambda-cyhalothrin showing depletion of glycogen and a weak PAS reaction in the colloid (arrow). **(C)** The thyroid of a rat treated with lambda-cyhalothrin plus ginger showing and increase of the glycogen content and a strong PAS reaction, leading to marked restoration of PAS positive materials in the colloid (Co) of the thyroid gland compared to that of the lambda-cyhalothrin treated group, bar = 40 μm.Fig. 4Fig. 5**(A)** Photomicrograph of a section of thyroid gland showing a normal distribution of proteins (Pr) in follicular cells and colloids (Mercury bromophenol blue). **(B)** Photomicrograph of a section of the thyroid gland of a rat treated with lambda-cyhalothrin showing a decrease of proteins (arrow) (Mercury bromophenol blue). **(C)** Thyroid of a rat treated with lambda-cyhalothrin plus ginger showing an increase of proteins (Pr) in follicular cells and colloids (Mercury bromophenol blue), bar = 40 μm.Fig. 5

3.4. Morphometric results {#sec0075}
-------------------------

Observing the treatments given to rats from the group treated with LCT, there was a significant impact which caused a significant decrease in the follicles diameter when compared with the control group. However, rats treated with LCT and ginger demonstrated a critical increment in the mean follicular diameter ([Fig. 6](#fig0030){ref-type="fig"}). The level of follicles with an ordinary colloid content diminished in animals treated with LCT and increased after treatment with LCT and ginger ([Fig. 7](#fig0035){ref-type="fig"}).Fig. 6Effects of different treatments on the diameters of follicles. The results are expressed as mean ± SEM, *n* = 5 rats/group.Fig. 6Fig. 7Effects of different treatments on the percentage (%) of follicles with a normal content of colloid in different rat groups. The results are expressed as mean ± SEM, *n* = 5 rats/group.Fig. 7

3.5. Biochemical results {#sec0080}
------------------------

### 3.5.1. Changes in T3, T4, and TSH {#sec0085}

Treating rats with LCT led to a significant decrease in triiodothyronine (T3) ([Fig. 8](#fig0040){ref-type="fig"}A) and thyroxine (T4) as well as a significant increase of thyroid-stimulating hormone (TSH) ([Fig. 8](#fig0040){ref-type="fig"}B). Administration of LCT and ginger caused an increase in T3 and T4 and a decrease in TSH, whereas no significant differences were recorded between the control and ginger-treated groups.Fig. 8**A.** Concentrations of triiodothyronine (T3) in the blood of rats treated with Lambda-cyhalothrin, ginger and their combination. The results are expressed as mean ± SEM, *n* = 5 rats/group. **B.** Concentrations of thyroxine (T4) and Thyroid-Stimulating Hormone (TSH) in the blood of rats treated with Lambda-cyhalothrin, ginger and their combination. The results are expressed as mean ± SEM, *n* = 5 rats/group.Fig. 8

### 3.5.2. Change in the lipid peroxidation marker and antioxidant enzymes {#sec0090}

The data in [Table 1](#tbl0005){ref-type="table"} showed that LCT administration significantly increased the level of malondialdehyde (MDA) over the normal value. The activities of the antioxidant enzymes superoxide dismutase (SOD) and catalase (CAT) decreased significantly in the sera of rats from the group treated with LCT. When compared to the control and LCT groups, MDA decreased remarkably and SOD and CAT activities increased in rats treated with LCT and ginger.Table 1Plasma MDA level and CAT and SOD activities in the blood of rats of different experimental groups, including LCT treated, Ginger treated and their combination. The results are expressed as mean ± SEM, *n* = 5 rats/group.Table 1MDA (n mol/ml)CAT (μ mol /sec/ml)SOD (n mol /ml)**Control**5.80 ± 0.528.6 ± 1.788.7 ± 1.4**Ginger**5.30 ± 1.230.4 ± 0.990.4 ± 0.5**LCT**9.14 ± 1.3 \*\*16.5 ± 1.25 **\*\***50.7 ± 1.8 \*\***LCT + ginger**6.7 ± 0.9 \*+21.9 ± 1.3 \*+73.4 ± 1.9 \*++[^1][^2]

3.6. Effect of ginger treatment on lambda-cyhalothrin (LCT)-induced DNA damage {#sec0095}
------------------------------------------------------------------------------

The comet assay showed that LCT significantly induced DNA was harmed/damaged in the thyroid gland ([Fig. 9](#fig0045){ref-type="fig"}B). The result also showed that the LCT group had significantly increased tail lengths (2.472 ± 0.257 μm) compared to those of control rats (P \< 0.05) ([Table 2](#tbl0010){ref-type="table"}). Moreover, the percentage of DNA damage in the LCT group was significantly higher (2.143 ± 0.178 μm) when compared to that in the control rats ([Table 2](#tbl0010){ref-type="table"}). However, LCT in combination with ginger reduced the amount of DNA damage in thyroid cells, which caused a significant decrease in tail length and percentage of DNA damage in comparison to those in the LCT group (1.736 ± 0.153 μm and 1.655 ± 0.244 μm, respectively; [Table 2](#tbl0010){ref-type="table"}; [Fig. 9](#fig0045){ref-type="fig"}B,C.Fig. 9**(A)** Photomicrograph of a thyroid gland showing a normal DNA sample from a rat as measured by the comet assay. **(B)** Photomicrograph of a section of a rat treated with lambda-cyhalothrin (LCT) showing DNA damage. **(C)** The thyroid of a rat treated with LCT plus ginger showing a decrease in DNA damage. All images are shown at 200x magnification.Fig. 9Table 2Comet assay results for the thyroid gland for the control, LCT, and LCT in combination with ginger group. The results are expressed as mean ± SEM, *n* = 5 rats/group.Table 2Tail length (μm)DNA (%)**Control**1.688 ± 0.1451.568 ± 0.184**Lambda-cyhalothrin**2.472 ± 0.257 \*\*2.143 ± 0.178 \*\***LCT + Ginger**1.736 ± 0.153 \*^++^1.655 ± 0.244\*^+\ +^**F-Value**31.76814.543**LCD at 5%**0.2360.296**LCD at 1%**0.3670.413[^3][^4][^5]

4. Discussion {#sec0100}
=============

In considering human and animal health, there are so many chemicals that are suspected to be harmful. Some natural chemicals have been accounted for to have thyroid-disrupting properties \[[@bib0020],[@bib0240]\]. This study investigated the adverse effects of the insecticide Lambda-cyhalothrin at dosages that were extensively beneath the level of acute oral toxicity (1/100^th^ the LD~50~). However, there is not enough evidence to confirm that LCT has thyroid-disrupting effects in rats, the histological and biochemical results obtained in this investigation showed that LCT has negative side effect on thyroid gland and ginger has reduced these effect caused by LCT. The observed effects are indicative of severe oxidative stress in the thyroid of rats. Also, the results affirmed that LCT decreases the body weight of rats. This result is in concurrence with a past report showing that LCT caused a decrease in body weight in addition to an increase in the weights of the liver and spleen \[[@bib0135]\].

Histologically, smaller colloids, blockage of blood vessels and degeneration of follicular cells where some abnormal changes observed. These observations were consistent with similar results of the thyroid and reproductive system of male rats intoxicated by the pyrethroid deltamethrin \[[@bib0010],[@bib0025]\]. Effects of other insecticides on the thyroid were studied by other investigators. It has been reported that chlorpyrifos insecticide-treated rats demonstrated hypothyroidism, which was confirmed biochemically by huge declinein serum T3 and T4 levels and histologically by a diminished measureof colloid. Furthermore, chlorpyrifos cause a decrease of PAS response in the colloid and is revealed immunohistochemically by a weak thyroglobulin protein expression in the colloid \[[@bib0145],[@bib0335]\].

Concerning the histochemical results, LCT treatment caused depletion of glycogen and total proteins in follicular cells and the colloid. Glycogen content depletion, hepatocyte degeneration and loss of integrity of the cell wall were found in the liver tissue of *Oreochromis mossambicus* after treatment with a sublethal dose of Lambda-cyhalothrin \[[@bib0115],[@bib0265]\]. Similar results were obtained in human lymphocytes intoxicated with chlorpyrifos \[[@bib0185],[@bib0240]\]. It was suggested that the reduction in glycogen is probably due to its more rapid breakdown (glycogenolysis), which discharges glucose into the circulatory system to meet the expanded energy requirements under stress \[[@bib0240]\]. It has been shown that noticeable histological lesions were observed, including liver parenchyma, fatty degeneration, necrosis, granularity and ballooning \[[@bib0365]\].

In analysing the result, it was seen that LCT caused a reduction in the total protein. Also, in mice treated with LCT, it was recorded that the protein level decreased. However, it was shown that exposure of rats to LCT prompted a noteworthy increment in kidney MDA and protein levels. It was also seen that the activities of catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione reductase (GR) and glutathione-S-transferase (GST) were significantly decreased due to Lambda-cyhalothrin exposure \[[@bib0160],[@bib0165]\].

The results of thyroid hormones analysis showed that treating animals with LCT induced a decrease in T3 and T4, while TSH was increased. Similarly, other studies reported that relatively high measurements of LCT prompted a stamped decrease in the concentration of thyroxine (T4) and triiodothyronine (T3), which was accompanied by an increase in thyroid-stimulating hormone (TSH) \[[@bib0020],[@bib0050],[@bib0135]\]. A similar result was obtained by \[[@bib0010]\], who investigated the toxicity of Deltamethrin on thyroid function. He reported that exposure to low doses of LCT significantly disturbed thyroid function in the offspring. There was a decrease in the concentrations of both T4 and T3 in all the experimental periods of the offspring of rats that received LCT, while the TSH levels were significantly higher than rats in the controls groups \[[@bib0395]\]. It is assumed that the reduction in thyroid hormones may be the result of increased hepatic enzyme activity \[[@bib0230]\], or the consequence of a direct cytotoxic impacton the thyroid gland of the toxic results of oxidative pressure \[[@bib0005]\]. This result is in agreement with other results, it shows that significant increases were observed in a few biochemical pointers of oxidative pressure, such as thiobarbiturate-reactive substances in the blood and liver, additionally the concentrations of reduced glutathione in the liver, testis, brain and kidney \[[@bib0125],[@bib0135]\].

Ginger was used in this investigation as an anti toxic agent against LCT negative effect. The results of this study showed that ginger ameliorated the toxic effects in the thyroid caused by LCT. A change in the histological and histochemical appearance of thyroid tissue was observed in animals treated with LCT and ginger as well as glycogen and protein content. Moreover, T3 and T4 increased while TSH decreased after treatment with ginger extract. These findings confirmed that ginger could be used as an antioxidant agent against LCT and other chemical. Similar results were reported by \[[@bib0055]\], who showed that ginger ameliorated the histological and histochemical alterations induced by the insecticide Mancozeb in the thyroids of rats. It has been reported that ginger administration improved the histopathological changes and increased the glycogen and proteins contents in the liver of rats treated with 7,12-dimethylbenz(a)anthracene (DMBA) and fungicide Metalaxyl benzenoid. \[[@bib0030],[@bib0130]\].

According to this study result, a lipid peroxidation marker (MDA) decreased, and the antioxidant enzymes superoxide dismutase (SOD) and catalase (CAT) increased in the thyroid gland following treatment with ginger extract. So many studies defined the antioxidative and free radical scavenging potential of *Zingiber officinale* extracts and their various segments \[[@bib0090]\]. It was reported that there was a significant decrease in lipid peroxidation in animals treated with *Zingiber officinale* when compared with animals treated with immunosuppressor 7,12-Dimethylbenz\[*a*\]anthracene (DMBA) alone \[[@bib0090]\]. Also, it was found that when diabetic rats are treated with ginger for 20 consecutive days the viability and motility ot their sperm will increase significantly and the lipid peroxidation will decrease. \[[@bib0270]\]. Additionally, exact mechanism of action of ginger as an anti-oxidant agent is not clear but it is assumed that such type of effect due to constituents present in ginger including gingerols, shogaols, and galanolactone and diterpenoid of ginger \[[@bib0035]\]. In addition, ginger extracts exhibited free radical scavenging, inhibited lipid peroxidation, protected DNA damage, indicating that ginger extracts have strong antioxidant properties \[[@bib0350]\]. Ginger has been reported to contain at least 14 bioactive compounds \[[@bib0225],[@bib0450]\]. The most well-known bioactive component of ginger is \[[@bib0030]\]-gingerol \[[@bib0370]\]. Some evidence showed that the compounds found in ginger, including \[[@bib0030]\]-gingerol and arsenic, led to significant increase in the activities of the antioxidant enzymes CAT, SOD, glutathione peroxidase GPx and glutathione (GSH) in rats. In addition \[[@bib0030]\],-gingerol reduced elevated blood glucose levels, increased plasma insulin levels \[[@bib0100]\], and inhibited adipogenic differentiation and lipid accumulation \[[@bib0235]\].

The comet assay is a sensitive process utilized in the measurement and identification of DNA condemned at the cellular level. It has been documented that toxicity causes significant DNA damage, leading to abnormal changes in cellular mechanisms \[[@bib0360]\]. The percentage of DNA in the tail (tail intensity) shown to be proportionate to the incidence of DNA strand-breaks; the results can be expressed by categorizing cell damage according to the amount of DNA in the tail \[[@bib0070],[@bib0390]\]. The outcome of this study confirmed that the administration of LCT induced DNA was damaged as indicated by the comet assay. These results are in agreement with the previously reported results, which showed that LCT induced DNA fragmentation in rat lymphocytes and by cypermethrin in the liver of rat \[[@bib0260]\]. Also, it was demonstrated that deltamethrin administration causes testicular DNA damage in rats \[[@bib0190]\]. In a previous study, it was reported that DNA damage in humans is associated with pyrethroid insecticide concentrations \[[@bib0255]\]. This may be partially due to the generation of oxidative lesions, which are indicators of oxidized purine and pyrimidine \[[@bib0065]\]. Ginger-supplemented LCT-treated group demonstrated less DNA breakdown in comparison to the LCT-treated group. Ginger may, therefore, be beneficial in minimizing the risk of DNA fragmentation caused by LCT toxicity. This finding is similar to that of \[[@bib0200]\], who stated that curcumin inhibits the generation of reactive oxygen species (ROS) that causes DNA damage.

5. Conclusion {#sec0105}
=============

In this study, we focused on the medicinal impacts of ginger and its components in the oxidative stress management activities. The results of this study showed that LCT affected the thyroid function and structure by disrupting the normal levels of antioxidant enzymes, thyroid hormones level and by causing an abnormal histological arrangement and DNA damage in the thyroid gland. Therefore, the use of this insecticide should be controlled. However, Ginger shows an important effect in the suppression of LCT side effect, leading to a noticeable improvement in the histological and biochemical activity; including anti-oxidant enzymes, thyroid hormone level. Ginger extract and its effective components can be used as a suitable agent for controlling and preventing Lambda-cyhalothrin toxicity and genotoxicity-induced DNA damage. This investigation confirmed that ginger reduced the effect caused by LCT. Additional studies should investigate the mechanisms of action of the natural components of ginger and its antioxidant effects.
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[^1]: **\*, \*\* :** Significant difference in comparison to the control, p \< 0.05, p \< 0.01.

[^2]: **+, ++ :** Significant difference in comparison to the LCT group, p \< 0.05, p \< 0.01.

[^3]: **\*, \* \* :** Significant difference in comparison to the control, p \< 0.05, p \< 0.01.

[^4]: **+, ++ :** Significant difference in comparison to the LCT group, p \< 0.05, p \< 0.01.

[^5]: (LCD) Least significant difference.
